ZmGOLS2, a target of transcription factor ZmDREB2A, offers similar protection against abiotic stress as ZmDREB2A.
GALACTINOL SYNTHASE is the first committed enzyme in the raffinose biosynthetic pathway. We have previously characterized the maize (Zea mays) GALACTINOL SYNTHASE2 gene (ZmGOLS2) as abiotic stress induced. To further investigate the regulation of ZmGOLS2 gene expression, individual luciferase expression vectors,in which the luciferase gene was controlled by different lengths of the ZmGOLS2 promoter, were co-transfected into maize protoplasts with either a ZmDREB2A- or a GFP-expression vector. Over-expression of ZmDREB2A up-regulated both the expression of the luciferase gene controlled by the ZmGOLS2 promoter and the endogenous ZmGOLS2 gene in protoplasts. Only one of the two DRE elements in the ZmGOLS2 promoter was identified as necessary for this up-regulation. Expression vectors of GFP, ZmGOLS2 or ZmDREB2A were stably transformed into Arabidopsis. Expression of ZmDREB2A up-regulated the AtGOLS3 gene but only over-expression of ZmGOLS2 resulted in hyper-accumulation of galactinol and raffinose. Regardless, under drought-, heat shock-, high osmotic- or salinity-stress conditions, both the ZmGOLS2- and the ZmDREB2A- expressing plants had greater germination percentages, greater percentages of seedlings becoming autotropic, and/or greater survival percentages during/after stress than the control plants. Under normal growing conditions, transgenic Arabidopsis plants expressing the ZmGOLS2 gene had similar growth to that of untransformed wild type or GFP-expressing control plants, whereas ZmDREB2A over-expressing plants exhibited retarded growth relative to either of the controls. These data suggest that over-expression of ZmGOLS2, rather than the transcription factor ZmDREB2A, is a more practical target for generation of abiotic-stress tolerant crops.